The objective of the present study was to identify the factors that affect screening for diabetic complications by sex in the community.
INTRODUCTION
Uncontrolled blood glucose level in a diabetes patient is a critical risk factor of diabetic complications, and aggressive and consistent glycemic control decreases the occurrence and progression of microvascular and macrovascular complications of diabetes [1] [2] [3] [4] . Therefore, glycemic control and regular screening for complications are essential for diabetes patients [5, 6] , but little research has been conducted to examine the rate of screening for diabetic complications. And the 2013 Korea Community Health Survey (CHS) showed that the rate of screening for diabetic complications 253 communities was very low and community variation of the screening rates was also high [7] .
In order to reduce the burden of chronic diseases, the World Health Organization (WHO) has stressed in the Global Noncommunicable Disease Action Plan that primary health care at the community-level should be coordinated with public health services [8] .
To manage chronic diseases, Korea has been utilizing community-based services for the prevention and management of chronic diseases with cooperation from, and in association with, primary health care institutions in the community. A community intervention study conducted in 2013 by Gyeonggi Center for Hypertension and Diabetes has shown that in the patient group with counseling intervention on diabetes management, the rate of screening increased from 40.0% to 48.8% for retinopathy and from 33.6% to 41.6% for nephropathy compared to one year before [9] . The rate of screening for diabetic complications can increase even just with systematic counseling with patients in community. Accordingly, societal and economic burdens caused by diabetic complications will decrease if at the community-level the current rate of screening for diabetic complications and factors affecting the screening rate are identified, and based on the findings, appropriate systematic education and management services are provided.
Thus, in this study we aimed to examine the current rate of screening for diabetic complications among diabetes patients at the community level, and to investigate the effects of both individual-level and community-level characteristics on the screening rate by multilevel analysis.
MATERIALS AND METHODS

Data
For individual-level data, we used the original 2013 CHS data. Since 2008, CHS has been conducted every year in 253 regions. The survey population is non-institutionalized adults of age 19 or older residing in Korea. After a stratified sample of households is extracted with city/province, town/township/neighborhood, and housing type as stratifying variables, trained interviewers visit the sampled households and conduct the survey with adults of age 19 or older. The survey consists of 17 content areas including health status, health behaviors, and use of health care services [10] .
Out of a total of 228,781 adults surveyed in 2013, 20,806 were included in the present study, who were 30 year of age or older, diagnosed with diabetes by a physician, and whose information was available in the dataset regarding whether they were screened for diabetic complications.
Community-level data of the 253 communities were constructed from the secondary data obtained from Statistic Korea and community annual statistical reports, as well as the standardized rates of communities that were computed by analyzing the original 2013 CHS data.
Study variables Dependent variable
Whether patients were screened for diabetic complications
The dependent variable in the study was whether a patient (aged 30 or more and diagnosed with diabetes by a physician) was screened for diabetic complication. Two survey questions were used to score the dependent variable: "In the last year, have you receivedan eye exam (eye fundus exam) to check whether a diabetic complication has occurred in the eyes?" and "In the last year, have you received a microurinetest (microalbuminuria test), other than a stick urine test, to check whether a diabetic complication has occurred in the kidneys (diabetic nephropathy)?" If a patient responded to at least one question with yes, he or she was scored as bring screened for diabetic complications.
Independent variables
Individual-level variables
For potential socioeconomic factors affecting patients' screening behavior for diabetic complications, we included sex, age (30-39, 40-49, 50-59, 60-69, ≥ 70), monthly household income (< 1 million Korean won [KRW], 1-2 million KRW, 2-3 million KRW, 3-4 million KRW, and > 4 million KRW), education level (elementary school, middle school, higher than high school), and marital status (single, have spouse). For factors regarding health behaviors, the following were included: current smoking status (whether the patient was smoking daily or sometimes, if he or she had smoked a total of five packs of cigarettes throughout life), binge drinking behavior (whether the patient consumed a large quantity of alcohol in one sitting, i.e., seven glasses for male and five glasses for female, twice or more per week in the last year), a habit of regular exercise (whether in the last one week the patient performed high-impact exercise activities over 20 minutes per day for three days or more per week, or medium-impact exercise activities over 30 minutes per day for five days or more per week),and self rated health (whether the patient assessed his or her own health as "very good" or "good"). Additionally, with regard to disease management, the following factors were included: number of chronic diseases diagnosed by a medical doctor (including hypertension, dyslipidemia, stroke, myocardial infarction, and angina), number of blood glucose tests (the total number of tests in the last one year was divided by 12 to get the monthly number of blood glucose tests: < 1, 1-4, 4-30, and > 30), awareness of glycemic control (whether the patient thought his or her glucose level was appropriately controlled), awareness of glucose level (whether the patient was aware of his or her glucose level), diabetes treatment (whether the patient was currently treated with insulin, anti-diabetic drugs, or a non-pharmaceutical approach to manage glucose level), and education on diabetes management (whether the patient had received diabetes management education from a hospital/clinic, Korean traditional medical clinic, or a public health clinic).
Community-level variables
The community-level variables included in the study are as follows: city type (city and province), number of beds per 1,000 population, number of internists per 1,000 population, health and welfare budget allocation, financial autonomy, the extent of diabetes education or communication provided by health centers, community residents' satisfaction with natural environments (such as air and water quality), community residents' satisfaction with living environments (such as electricity, water and sewer services, trash collection, sports facilities), community residents' satisfaction with health care facilities (such as public health centers, hospitals and private clinics, Korean traditional medical clinics, and pharmacies), community residents' satisfaction with public transportation (bus, taxi, subway, train), and finally, standardized mortality of diabetes [7, 11] .
Analytic procedure
All data analysis was performed using SPSS version 22.0 (IBM Corp., Armonk, NY, USA). Frequency analysis was conducted to examine the individual-level general characteristics of patients. To examine differences in the rates of screening for diabetic complications according to individual-level and community-level characteristics, chi-square tests were performed. For chi-square testing, community-level variables were categorized with the median as a cutpoint. Because means are sensitive to extreme values, the median is a more appropriate index to represent the group of data if the data has high variation [12] , and local health statistics which shows community health levels also uses the median as a representative value [12, 13] .
In addition, in order to examine whether the screening behaviors for diabetic complications are affected by individual-level or community-level characteristics, multilevel logistic regression analysis was performed. To estimate community variation in the rate of screening for diabetic complications, multilevel analysis was conducted with a null model in which none of the individual-level and community-level variables were included; with model 1 in which individual-level variables were included; and finally with model 2 in which both individual-level and community-level variables were included. The intercept-only null model, i.e., a model without any explanatory variables, was a model to estimate the variance across the units of analysis, and we included it to ascertain whether or not community-level variables should be included to analyze the data. From the null model, variance components at different levels and intra-class correlations (ICCs) can be estimated. The formula for an ICC is as follows: Because individual-level residual variance cannot be estimated, ICC was estimated by replacing it with π 2 /3. The validity of the model was evaluated on the ratio of between-community variance to total variance, and we used ICC values of 5% to 25% as criteria [14, 15] . Model 1 that includes individual-level variables and model 2 that includes both individual-level and community-level variables were full models, in which the influences of community-level variables as well as those of individual-level variables were tested. Akaike information criterion (AIC) were used as the informational criterion for multilevel model selection. The information criterion is based on −2 log likelihood, and a model with a lower value is judged to have a better fit than a model with a higher value, regardless of the rate of exponential decay [16] . Statistical significance was set at the level of p< 0.05 in all cases.
RESULTS
General characteristics of study subjects
Of 20,806 subjects included in the present study, income and education levels were significantly lower in female compared to male. The rate of smoking was 17.6%, the rate of binge drinking was 19.4%, and the rate of regular exercise was 20.4%. Additionally, 70.3% had chronic diseases other than diabetes such as hypertension, myocardial infarction, angina, or stroke.
A high proportion of patients (87.3%) thought that their glucose level was under control, although only 6.5% measured their glucose level once a day. Male were more likely than female to know their glucose level (70.9% vs. 54.1%, respectively). Finally, 88.7% of study subjects were currently under treatment for diabetes; 32.0% had received diabetes management education, and 37.1% had been screened for diabetic retinopathy or diabetic nephropathy (Table 1 ).
The rate of screening for diabetic complications according to individual-level and community-level characteristics
Considering individual-level characteristics, the rate of screening for diabetic complications was significantly higher in male than in female (38.5% vs. 35.8%, respectively). The screening rate was significantly lower in people in their 30's and also those in their 70's compared to other age groups. As income and education levels increased, the screening rate increased. Additionally, the screening rate was higher among people with a spouse compared to those without one. The screening rate was also higher among those who felt their health was poor (e.g., low self-rated health status, many chronic diseases other than diabetes, or awareness of uncontrolled glucose level) and among those who took actions to manage diabetes (e.g., a higher frequency of measuring blood glucose level, awareness of their glucose level, being treated for diabetes, and having received ICC = diabetes management education) ( Table 2) . In regards to community-level characteristics, the screening rate was higher in cities, and also in communities with a higher level of medical resources, a higher level of financial support, a higher level of satisfaction with health care service, a higher level of satisfaction with public transportation, and finally, a lower rate of diabetes-related mortality (Table 3) .
Factors affecting diabetes patients' screening behavior for diabetic complications Table 4 show the results of multilevel logistic regression analysis in which factors affecting male and female diabetes patients' screening behavior for diabetic complications were examined by considering both individual-level and communitylevel characteristics.
In the male's null model, we estimated ICC was 0.074, which means that approximately 7.4% of the total variance was attributable to between-community variance. In model 1, in which individual-level variables were included, the following factors had significant effects on male diabetes patients' screening behavior: income level, current smoking status, self-rated health status, number of chronic disease, frequency of measuring blood glucose level, awareness of glycemic control, awareness of their glucose level, diabetes treatment, and diabetes management education. In model 2, city type, number of internists in the community, and satisfaction with community living environments significantly influenced the rate of male diabetes patients' screening behavior. Values are presented as number (%).
Regarding female diabetes patients' screening behavior for diabetic complications, the random effect of the community was significant in all models, i.e., null model, model 1, and model 2, and between-community variance comprised over 5% of total variance in all cases. Individual-level factors affecting females' screening behavior were the same as those identified in the male model in addition to age and education level. In the model in which community-level variables were also included, unlike the male model, city type was not significant, and instead, satisfaction with public transportation was significant.
DISCUSSION
The present study aimed to examine the factors affecting individual patients' screening behavior for diabetic complications and to provide empirical evidence with which to prioritize community health projects by considering not only individual-level characteristics but also community-level influences.
When the factors affecting individuals' behaviors are present at a higher level such as the community, a general regression approach cannot accurately identify the nature of inter-variable associations and a multilevel regression approach must be used in order to investigate the effect of community characteristics [14, 17] . In the present study, the ICC of the null model was estimated to be 7% in the male model and 9% in the female model, and the random effects of the community was significant, suggesting that the community-level factors should be included in the final models [14] .
According to this study results, the rate of screening for diabetic complications was lower in patients in their 30's and 70's than in those in other age groups. A diabetes patient begins to show diabetic nephropathy symptoms approximately 15 years after the occurrence of diabetes, as the kidneys become impaired [5] , and because of the lead time until symptoms manifest themselves, diabetes patients in their 30's may not realize the need to screen for diabetic complications. Diabetes patients in their 70's, in whom diabetes duration is likely to be longer and thus the risk of diabetic complications is higher, may mistake the symptoms for aging symptoms. Hence, it is urgent to provide them with adequate education on diabetes management and screening for diabetic complications.
Of community-level characteristics that influence individuals' health, socioeconomic ones are very important. Communities with a higher socioeconomic level promptly spread health-related information and healthy behaviors, as well as control unhealthy behavior, and push for better health care services and facilities, through voluntary and collective behavior, all of which promote the health of community residents [4] . The present study found that although in the multilevel analysis the effect of community socioeconomic level on individuals' screening behavior for diabetic complications did not reach statistical significance, in the univariate analysis the screening rate was higher in communities with an above-median socioeconomic level.
As shown in Table 4 , although there were sex-specific factors affecting individuals' screening behavior for diabetic complications, the screening behavior of diabetes patients of both sexes was affected by self-rated health status, aggressive or passive diabetes management, and the number of internists in community. These findings suggests the importance of a management system approach based on community and primary health care institutions that benchmarks Chronic Care Model (CCM) in the US and the Innovative Care for Chronic Conditions Framework of WHO [9] .
Several studies have shown evidence for the effect of CCM. When CCM was applied to diabetes patients, a study conducted outside Korea showed significantly improved results of HbA1c, lipid profile, and diabetic urine, eye, and foot tests [18] , and another study showed an improvement in patients' self-management as well as an increase in educational programs provided to patients [19] . Yet another study has reported a significant improvement of diabetes-related outcomes including decreases in low-density lipoprotein, HbA1c, and blood pressure, suggesting that CCM was an effective delivery system in the management of chronic diseases in diabetes patients [20] .
A study conducted in Korea has reported that as a consequence of a project to register and manage people at high risk for cardiovascular disease, the continuous treatment rate and utilization rate of medical clinics among outpatients increased [21] . Additionally, a study in which registered patients were followed up over five years reported that blood pressure significantly decreased and the proportion of patients whose glycemic control was managed increased [22] . In the present study, the extent to which chronic disease education and communication were provided by health care institutions did not affect the rate of screening for diabetic complications. Although those efforts were aimed at community residents overall rather than patients specifically, anyone could develop disease at any point in time, and therefore, at the community level, effective and appropriate input should be provided for residents to improve disease management ability.
In the present study, we investigated individual-level and community-level factors affecting male and female diabetes patients' screening behavior for diabetic complications by using multilevel analysis, and identified sex-specific factors as well as common factors. Specifically, we found that in both male and female, the screening rate was higher among those who assess ed their own health to be poor and who were aggressive in disease management. In addition, of community-level variables, the number of internists in the community affected both male and female patients' screening behavior. These findings suggest that sufficient and consistent education on diabetes and how to manage it should be provided to patients through coordination between the community and primary health care institutions, and at the community-level, an adequate system aiming for community health promotion should be developed in coordination with primary health care institutions in order to enhance community residents' disease management ability.
The present study examined only screening for retinopathy and nephropathy, and there may have been a bias because the survey was self-administered. Also, there were cases in which survey respondents were not aware of diabetes or of screening for diabetic complications, and accordingly the rates reported in the study could be underestimations. Moreover, the physical and socioeconomic environments of a community influence the quality of life and health of the members [23] , and in the present study we used subjective assessments in lieu of objective measurements of the physical environments of a community, i.e., satisfaction with the natural and living environments and public transportation. Objective data on the physical environments such as climate and environmental pollution and foundational facilities like water, sewage, and roads are not yet available at the level of the city/county/district in Korea. Thus, it is suggested that follow-up research should construct objective indexes to measure the physical environments of a community.
